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@ Gas barrier multilayer packaging material having excellent flexing endurance. 

© A gas barrier multilayer packaging material having 
excellent flexing endurance, which comprises a thin layer of 
a saponified product of an ethylene-vinyl acetate copolymer 
as an intermediate layer and linear low-density polyethylene 
layers as inner and outer layers. This packaging material is 
especially useful as inner containers for a bag-in-box or 
bag-in-carton. 
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GAS BARRIER MULTILAYER PACKAGING MATERIAL 
HAVING EXCELLENT FLEXING ENDURANCE 

. This invention relates to a flexible multilayer packaging 
material showing no reduction in gas barrier properties even 
under extremely severe flexing fatigue conditions. More speci- 
fically, it provides a flexible multilayer packaging material 
comprising a thin layer composed of a saponified product of an 
ethylene- vinyl, acetate copolymer { hereinafter referred to as the 
EVOH) having gas barrier properties against oxygen, carbon dioxide 
etc. as an intermediate layer, said flexible multilayer packaging 
material being further provided with linear low-density poly- 
ethylene layers as surface layers on both sides of said multi- 
layer packaging material, thereby being able to retain excellent 
gas barrier properties against extremely severe flexing fatigue 
exerted on said packaging material on transport or handling of 
a tight container of an easily deteriorating product 
packaged with said packaging material and hence being effective 
in prevention of deterioration in quality of the product to be 
packaged. 

The essential function of a flexible multilayer packaging 
material is preservation, that is, prevention of deterioration in 
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^aUtv of a pro-* to b. - " ~ 

^orial vibration endurance, flexing endu- 
packagmg »atenal, vxbr particula r, where it 

ranee etc. are especially required, and in pa 

• . container for the so-called bag in box 
is used as an inner container 10 

OI ba=-in-=arton, which is ■. container of a combinet.cn o (1, 

. »L» — *■« - (2 > .; n ; u ; 

COI ru 9 ated box or carton havin, stability, portaMUty and 
rintlility., a hi 9 h de 9 re. - - characteristics is recced, 
s saia packing materiaX. various pXastic films are usea * . 

la mination by -to. - best us. - their own -act erist . 

an d, <or example, a combination of a base film for ma.nta.nxn, 

..ohanicaX Strang with a heat-seaXabXe materiaX is most common 
an d «. mat.iaX U seXeotea accorain, to the recrement by th. 
profl nct to ba packed. - particuXar, in a use case *«. 
ga s barrier properties against oxygen etc. of tbe base f.Xm are 
ina deou a te, there is alloyed a methoa or proving tbe base 
lay er'with a barrier layer bavin, an even higher degree or gas 
barrier properties thereon ana Xaminating a aplastic res.n . 
lay er or a beat-sealable meteriaX with saia barrier layer a s an 

.„ , s to serve as at least one outer Xayer. 
intermediate Xayer so as to serve . 

since the basis of the material for the inner con- 

For example , since we 

tainer of the conventional bag-in^box or bag-in-carton has 

a X„ a ys heat-sealabXe sites, the material is mainly combed of 

a heat-seelable polyethyXene , especiaXly a Xow-density poXyethyXene. 

iu t an ethyxene - vinyX acetate copoXvmer resin is ... pre erab y 

empXoyed for couplea reasons that it is retired to be of phys.cal 

strencth especially, vibration endurance and flexing- 
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endurance as described above since it must be foldable, which is 
a special feature of the bag-in-box or bag-in-carton, since the 
content is a liquid, and so forth, and that it should be of good 
stress crack resistance. Further, where gas barrier properties 
against oxygen etc- are required with an increase in demand for 
higher functions , said inner containers of combinations of e.g. 
nylon films, saran-coated nylon films, aluminum-deposited nylon 
films, aluminum-deposited polyester films etc- have begun to be 
put to practical use. In order to impart excellent gas barrier proper- 
ties, saponified products of ethylene-vinyl acetate copolymer, 
polyvinyl chloride, aluminum foil, deposited films of metal etc. 
and the like are employed • However, although they are excellent 
in gas barrier properties , their mechanical strength .is low and 
cannot stand flexing fatigue. Therefore, they are used by being 
laminated between a base layer having excellent mechanical 
strength and a heat-sealable material, but even so, where, for _ 
example, used as a constituting material for an inner container 
of a bag-in-box or bag-in-carton, since pinholes are generated 
in said constituting material or, even at a stage where such 
pinholes have not yet. been generated, the barrier properties are 
lowered due to cracks, pinholes etc. generated in said barrier 
layer used as the intermediate layer, or for other reasons, it 
is impossible to retain the excellent gas barrier properties 
against extremely severe flexing fatigue, and none has hitherto , 
been satisfactory for practical use. The behaviors of multilayer 
packaging materials utilizing layers mainly comprising a poly- 
vinylidene chloride resin, an aluminum foil, a deposited resin 
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layer with a metal etc. and the like as a barrier layer are 
disclosed in, for example, Japanese Patent Application Laid-open 
No. 7477/1980. In other words, when said packaging material is 
actually used for packaging and the packaged goods is transported 
and handled, the gas barrier properties thereof are not always 
satisfactory, and it is due to damage in said barrier layer 
positioned as the intermediate layer that the most required 
practical storaibility after the primary distribution often 
turns out unreliable. As the material for the intermediate 
laver provided for improving the gas barrier properties, an 
EVOH resin is most excellent -and preferably used as a barrier 
material for containers having various multilayer films or a 
multilayer structure. This is because EVOH resin has an extreme- 
ly advantageous feature that it not only has especially excellent 
gas barrier properties but also has excellent transparency,' oil 
resistance, printability, moldability etc. and hence does not 
interfere with the characteristics inherent to the base material. 
Nevertheless, in the field where flexing endurance is particular- • 
ly required, there has hitherto been no example that an EVOE 
resin has been satisfactorily used as a barrier layer for a 
multilayer packaging material. In particular, as described 
hereinabove, it is especially required to stand flexing fatigue due 
to vibration in transport. There has hitherto been no EVOH 
resin which has been used as an inner container in a bag-in-box 
or bag-in-carton having gas barrier properties against oxygen 
etc. and satisfied the above-described requirements and there- 
fore, the development of a flexible multilayer packaging material 
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utilizing an EVOH layer as a barrier layer and having flexing 
fatigue strength which can stand vibration in transport as well as 
excellent barrier properties has been one of the essential sub- 
jects to be solved. 

Further, Japanese Utility Model Application Laid-open No. 
23353/1972 describes a multilayer packaging material comprising 
an EVOH as an intermediate layer and a low-density polyethylene 
(branched-chain low-density polyethylene) as inner, and outer 
layers, but such a multilayer packaging material is extremely : 
poor in flexing endurance as demonstrated in Comparative Example 
1 described hereinbelow. 

Furthermore, Japanese Patent Application Laid-open No. 
12008/1980 (corresponding U.S. Patent 4,265,949) describes a 
•packaging material of a laminate of a linear low-density poly- 
ethylene and an EVOH, but even with the packaging material of 
such a constitution, the flexing endurance is still unsatisfac- 
tory as demonstrated in Comparative Example 2 described herein- 
below. 



This invention provides a multilayer packa- 
ing material which comprises a thin layer of an EVOH as an inter- 
mediate layer and surface layers on both sides of said inter- 
mediate layer, said respective layers being arranged via an 
■adhesive layer, which multilayer packaging material is a flexible 
gas barrier multilayer packaging material which is characterized 
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in that both of said surface layers are composed of linear low- 
density polyethylene layers. 

The flexing endurance may be evaluated from data on the flex- 
ing number of times dependency of the reduction in gas barrier pro- 
perties, the flexing number of times until the generation of pinholes, 
etc. in an evaluation test using the so-called Gelbo-Flex tester, 
thereby it is possible to judge the superiority of the flexing 
endurance of various materials or of multilayer packaging mate- 
ri als made of various materials. The present inventors have 
carried out extensive measurements on the relationship between the . 
flexing number of times and the number of pinholes generated and the 
flexing number of times until the generation of pinholes in the case of 
' single substance films of various thermoplastic resins and 
multilayer films- of various resins, and also the relationship 
between" the flexing number of times until the generation of pinholes and 
the barrier" properties (for example, oxygen permeability) in the 
case of multilayer laminate products, and have come to discover 
several facts. That is, (ij the EVOH resin films are all extreme- 
i y poor" in flexing endurance and it is far below the standard 
for the vibration endurance in transport which can stand practical 
use; (2) the hitherto generally employed various resin films or 
low-density polyethylene, high-density 

Polyethylene, nylon, polypropylene, thermoplastic polyesters etc. 
are remarkably excellent in flexing endurance as- compared with 
said EVOH resin films, but when the flexing endurance of a 
laminate film obtained by laminating said resin films using an 
EVOH as an intermediate layer exhibits a significant reduction 
in flexing endurance presumably owing to the presence of the 
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EVOH layer , that is, a remarkable reduction in oontxast.to the 
excellent flexing endurance of said resin single substance film; 
(3) further surprisingly, the reduction in the gas barrier pro- 
perties is hardly observed until pinholes are generated on said 
laminate using the EVOH layer as the intermediate layer? and (4) 
inter alia , said laminate using linear low-density polyethylene 
layers as both surface layers exhibits a remarkable improvement . 
of the flexing endurance. 

In a laminate having a constitution using an EVOH as an 
intermediate layer, the improvement of the flexing endurance is 

■ remarkable only when the linear low-density polyethylene is used 
as both surface layers. Further, although the details of said 

.phenomenon has not yet been clarified, the effect of said improve- 
ment iis closely related to the number of carbon atoms in an 
ot-olefin which is a copolymer izable component of said linear 
low-density polyethylene, the heat of fusion by thermal analysis 
by a diff erential scanning calorimeter and the Young's modulus r 
and especially such an effect is particularly remarkable when a 
linear low-density polyethylene in which these properties fall 
all in the certain selected regions is nsediu 

The linear low-density polyethylene used in this inven- 
tion is a linear low-density polyethylene substantially not 
having any long branched-chain. In general, it is such that the quan- 
titative measure for the long branched-chain number G = [^t/Wl 
(wherein [^] b is the intrinsic viscosity of the branched-chain 
polyethylene and is the intrinsic viscosity of the linear 
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polyethylene having the same molecular weight as the branched- 
chain polyethylene) is 1 (generally in the range of 0.9 - 1 and 
often is near 1) and the density is 0.910 - 0,945 g/an> (for reference, 
the G value of the conventional ordinary branched-chain low-density 
polyethylene is 0.1 - 0.6 g/atf .*» process for the production of 
the linear low-density polyethylene is not particularly restrict- 
ed. As an example, a representative production process comprises 
conducting copolymer iz at ion of ethylene using an d-olefin of 3 
or more, preferably 4 or more, more preferably 5-10, carbon . 
atoms, e.g., propylene, butene-1, 4-methyl-l-pentene, hexene-1, 
octene-1 etc. as a random copolymer iz able component at a pres- 
sure of 7 - 45 kg/cm2 (generally 2000 - 3000 kg/cm 2 in the case 
of a branched-chain low-density polyethylene) and at a temperature 
of 75 - 100 °C 1120 - 250 °C .in the case of a branched-chain low- 
density polyethylene) employing a chromium-based catalyst or a 
Ziegler catalyst. As the polymerization process, a liquid phase .. 
process, a gas-phase process etc. may be employed. 

It has been already described hereinabove that the effect 
of this invention is closely related to the number of the carbon 
atoms in said ct-olefin, the heat of fusion by thermal analysis 
by a differential scanning calorimeter and the Young's modulus, 
and this will be described in more detail hereinbelow. While a 
linear low-density polyethylene is preferably used in this inven- 
tion, the effect of this invention is more remarkable with said 
polyethylene in which said heat of fusion is not greater than 
25 cal/g, preferably 25-5 cal/g, or the Young's modulus at 20»C 
is not greater than 22 kg/mm 2 , preferably 22-3 kg/mm 2 , more 
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preferably 22 - 5 kg/mm2 , and particularly where both properties 
are in the above-mentioned regions, the effect is most remarkable. 
Those in which said heat of fusion and Young's modulus are both 
in the above-mentioned regions are, although somewhat varying 
depending on the polymerization process and polymerization condi- 
tions, roughly speaking, often obtained in the region where the 
content of said «-olef in is about 2 mole % or more, preferably 
about 2-7 mole %. As for a linear low-density polyethylene 
using butene-1 as a copolymer izable component, the effect of 
this invention is more remarkable where said heat of fusion is . 
not greater than 15 cal/g or the Young's modulus at 20°C is not 
greater than 12 kg/mn.2 , and particularly where both are in the 
above-mentioned regions, said effect may be most remarkably 
exerted. Said low-density polyethylene in which said heat of 
fusion and Young's modulus are both in the above-mentioned regions 
are, roughly speaking, often obtained in the-region where the 
' butene-1 content is about 4 mole- % or more. If said content is 
too much, the other physical characteristics possessed by said 
polyethylene are not satisfactory and thus it is not preferred, 
and therefore said content is desirably up to several mole %, 
e.g., 7 mole %. Further, as described above,' the effect of this 
invention may be obtained with the linear low-density polyethylene 
having said heat of fusion or/and Young's modulus falling in the 
above-mentioned specific region or regions, in particular, said 
effect may be more remarkably obtained with said polyethylene 
using an ^-olefin of 5 or more carbon atoms, for example, 5-10. 
In this case, from the reasons similar to the above, the content 
of said ot-olefin is preferably 2 - 7 mole %, more specifically 
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2 - 6 mole *• sad heat o £ fusion is related to said < -olefin 
content etc. as described above, and in particular said heat of 
fusion i. preferably 25 - 5 cal/g, and the Ton*,-. modulus is 
preferably 22 - 3 kg/»*. -re preferably 22 - 5 kg/mm*. Of 
said olefins, a linear low-density polyethylene using as a co- 
^ymerizable component 4-methyl-l-pentene with which the effect 
ot this invention is more remarkably exhibited and which is also 
industrially easily obtained is one of the .ore preferred. In 
th. case of the conventional branched-chain low-density polyethy-- 
ene the effect of this invention cannot be manifested even ,f 
the' heat of fusion by thecal analysis by a differential scanning 
calorimeter or/and the young.' s modulus is/are in the above-men- 
tioned region or regions. 

,he fact that in spit, of extremely poor flexing endu- 
rance of the EVOB single substance film, the flexing endurance 
of a multilayer film using said linear low-density polyethylene 
■ as both surface layers and the EVOB layer as an intermediate 
la yer has been remarkably improved, in other «*a. paging .from 
the characteristics of the EVOB film, that 
tne^e is observed no reduction in the barrier properties of 
said multilayer packaging material at the stage where cracks or 
pinholes are generated in the intermediate layer and the reduc- 
tion in the barrier properties of said multilayer packaging 
material' is naturally expected, is extremely different from the 
case of the conventional multilayer packaging materials usxng 
a barrier material such as the above-mentioned vinylidene 
chloride etc. 
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As regards the melt viscosity of said linear low-density 
polyethylene, especially where said multilayer material is to be 
obtained by coextrusion, it is more preferred from a viewpoint 
of melt viscosity compatibility with the EVOH resin etc. to 
select and use that having relatively similar melt viscosity. 
The melt index (MI) as measured at 190°C according to ASTM D- 
1238-65T is 0.1 - 20 g/10 min, preferably 0.2 - 10 g/10 min. 

In said multilayer packaging material of this invention, 
if the surface layer of said linear low-density polyethylene is 
too thin, for example, if each layer is less than 10 u, the 
other physical characteristics are lowered, and thus it is pre- 
ferably 10 jx or more, more preferably 20 p or more. On the 
other hand, if the thickness is too increased, the effect of 
this invention is offset, and thus each layer of said surface 
layers is more preferably up to 60 p. In particular, for a 
constituting material for an, inner container of a bag-in-box, 
it is generally and suitably selected and used from the thickness 
region of 25 - SO p (thickness of each surface layer) according 
to the content amount. 

The multilayer packaging material of this invention is 
required of being composed such that the respective layers are 
arranged via an adhesive resin layer and do :nof:cause delamina- 
tion when tested for flexing endurance by said Gelb-Flex tester. 
If said delamination is brought about , the effect" to improve the 
flexing endurance of the EVOH layer positioned as the intermediate 
layer by said lamination cannot be observed, and a phenomenon 
of the reduction in the barrier properties due to the damage of 
the EVOH layer is observed even at the stage where the generation 
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of pinholes has not yet been observea - — -ItU^r f^ 
and thus the effect of -is invention — t be obta.ne . 
adhesive resin use* in this invention is not par.cularly res 

ricted ana may be any *~ — "* — ^ 

t he use stage, but, « be — -ict, an adhesive .s. hav 
good flexibility is -re suitable, ana in „ a moa.f.e 

Ilefinic polymer contains carboxyl groups obtained by combing 
chemically ^ aaaition taction, graft reaction etc. an 

definic polymer with an ethylenically unsaturatea carboxyl:, _ 
ac<d or its annyariae, also considering the aahesion to both 
linear low-a=nsity polyethylene layer ana KVOH layer. 

As usea herein the term ol-inie polymer means a poly- 
ol ,nn such as polyethylene (low-density. 

.„ , linear low-density polyethylene, polypropylene, • 
high-density) > xxne«. 

polygene etc., or a copolymer or an olefin ana a co.ono.er 
co polymeri»ble therewith ..... vinyl -ers, unsatur ated 

. carboxylic acid esters etc.,, such as ethylene - -nyl acetate 
co.olv.er, ethylene - ethyl acrylate copolymer etc. Of those 
th "e e'thylene - vinyl ' acetate copolymer (vinyl acetate con ent 

■ 5 . 55% by weight, ana the ethylene - ethyl acrylate copolymer 

a _ 35S bv weight, are preferred, 
(ethyl acrylate concent 8 - 35% Dy w 

The ethylenically unsaturated carboxylic acid.or it. 
anhvdride incites ethyleneically unsaturatea monocarboxylic , 
acics, esters thereof, ethylenically unsaturatea dicarboxyUc 
acids, mono- or ai'-esters thereof, ana anhyariaes thereof. Of 
those, the anhyariaes of the ethylenically unsaturatea dicarb- 
oxvlic acias are preferred. Specific examples incluae male.c 
a/id, fumaric acid, itaconic a.ia, maleic anhyariae, itacon.c 
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anhydride, monomethyl maleate, monoethyl maleate, diethyl 
maleate, methyl fumarate etc., of which the maleic anhydride is 
especially preferred. 

Tiie amount of the ethylenically unsaturated carboxylic 
acid or its anhydride to be added or grafted to the olefinic 
polymer is generally 0.01 - 15% by weight, preferably 0.02 - ICS 
by weight, based on the olefinic polymer. The addition reaction 
or graft reaction of the ethylenically unsaturated carboxylic 
acid or its anhydride to the olefinic polymer may be effected 
by e.g. radical polymerization in the presence of a solvent 
(e.g. xylene) and a catalyst (e.g. a peroxide). The MI of the 
thus obtained" modified polyolefinic polymer containing carboxyl 
' groups as measured at 190°C according to ASTM D-1238-6ST is 
0.2 - 10 g/10 min., preferably 0.5 - 5 g/10 min. These adhe- 
sive resins may be used either singly or as a mixture of two 
or more thereof. A multilayer packaging material having espe- 
cially excellent flexing endurance may be obtained by using as 
the adhesive resin, a modified olefinic polymer containing 
carboxylic groups or an ethylene - vinyl acrylate copolymer 
containing carboxyl -groups. Further, the thickness of each 
adhesive resin layer is preferably 2 - 10 jx. 

The EVOH resin used in this invention is suitably that 
having an ethylene content of 20-60 mole % ■, preferably 25 - 
55 mole %, and a degree of saponification of 95 mole % or more, If 
the ethylene content is less than 20 mole %, not only the 
moldability is lowered but also the effect of this invention 
is reduced, which presumably has something to do with the 
increase in rigidity of said^ EVOH, whereas if the ethylene 
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content exceeds 60 mole %,' although the rigidity is reduced, 
the most important feature of said resin, i.e.., the gas barrier 
properties against oxygen etc., is reduced and thus this is not 
satisfactory. Said EVOH resin may be a blend of two or more 
different resins having an ethylene content in the range of 
20 - 60 mole % as long as they exhibit compatibility, and thus 
the effect of this invention may be imparted. The degree of 
saponification of said resin is preferably 95 mole % or more, and if it 
is less than 95 mole %, said barrier properties are deteriorated and 
thus this is not preferred. Further, an EVOH treated with a 
boron compound such as boric acid etc., a modified EVOH obtained 
by copolymer i zing ethylene and vinyl acetate with a third compo- 
nent such as a silicon-containing olefinically unsaturated 
monomer etc. and saponifying, etc. may be used as 1-ong as the 
degree of modification is within the range that melt molding 
is possible and the barrier properties are not interfered, 
thereby the effect of this invention may be imparted. The melt ^ 
index of this EVOH as measured at 190«C according to ASTM D- 
1238-65T is 0.1 - 25 g/10 min., preferably 0.3 - '20 g/10 min. 

As has been described above, in the case of the EVOH 
single layer, the flexing endurance is extremely poor and it 
merely shows somewhat improving tendency with a decrease in 
thickness, but this is nothing but a phenomenon far below.: the 
degree of flexing endurance satisfactorily fulfilling the 
vibration endurance in transport required in practice. On the 
contrary, in the constitution of this multilayer packaging 
material of this invention, there is observed a specificity 
that the layer thickness dependency of the EVOH present as the 
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intermediate layer on the flexing number of times of a Gelbo-Flsx 
tester until the generation of pinholes due to flexing fatigue is 
remarkably manifested. If the thickness of said EVOH layer 
exceeds 20 ^J, the flexing endurance is deteriorated and the effect 
of this invention is reduced, and thus it is not preferred. In 
order to sufficiently obtain the "effect of "this invention, the 
thickness of the EVOH layer is preferably up to 20 more 
preferably up to 15 ji. From a viewpoint of the flexing endu- 
rance alone, especially up to 10 p is most preferred. Although 
the EVOH layer preferably as thinner as possible from a view- 
point of flexing endurance, difficulty from an aspect of mold- 
ing technique is accordingly increased. For practical reasons, 
it is preferably 2 p or more, and from said aspect, 5 j: or more 
is more preferred because difficulty is relatively small. In this 
invention, the intermediate EVOH layer may also be composed of 
multiple layers of two or more layers. On providing multiple 
EVOHvlayers, an optimum constitution, may be chosen according 
to the respective purposes; for example, the EVOH having the 
same ethylene content may be used in all the "layers, or where 
the relative humidity of the inside of the container etc. is 
greater than the outside of said container, e.g., the product 
to be packaged is an aqueous mixture such as wine, it is pre- 
ferred to arrange *an EVOH layer having a smaller ethylene* con- 
tent outside and an EVOH layer having a larger ethylene content 
inside also considering the humidity dependency of the barrier 
properties of the EVOH, and, on the other hand, where the 
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relationship of the relative humidity is opposite to the above, 
the positional relationship of said VJOE layers is preferably 

in the opposite order. 

The multilayer packaging material of this invention may 
be obtained by a conventional process such as coextrusion, ext- 
rusion lamination, dry lamination etc., of which coextrusion is 
preferred. Further, where film formation is effected by the 
coextrusion, 'the use of air slit at the time of film forming 
is effective. As used therein, the air slit means an operation 
to blow air in a slit form on a melt resin film discharged from 
a die onto a cast roll in order to closely contact it to the 
cast roll so as to enhance the cooling effect. 

Further, an inner container of a bag-in-box or bag-in- 
carton using said multilayer packaging material may be obtained 
by a conventional process, such as a process comprising heat 
sealting a film of said laminate constitution and fitting a 
mouthpiece, a process comprising making a container of said 
laminate constitution by e.g. vacuum molding, and fixing a 
mouthpiece with an adhesive etc. , a blow molding process comp- 
rising melt extruding a multilayer parison of said laminate 
constitution, sandwiching it with a mold having a mouthpiece, 
inserted therein, and molding it. using compressed air, thereby 
heat bonding the body and the mouthpiece by the heat of the 
parison and the air pressure at that time, etc. 
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In addition, in this invention, as long as the purposes 
of this invention are not interfered, the multilayer material 
comprising the EVOH as the intermediate layer and the linear 
low-density polyethylene layers on its both sides may be further 
provided with another layer. 

The multilayer packaging materials of this invention 
thus obtained are particularly preferred as container materials 
for transporting food, particularly liquid goods) using saig 
alcohols such as wine, sake etc., soy sauce, and the like. In * 
other words, where bags (each provided with a mouthpiece for 
filling and discharging the liquid to be filled) using said 
multilayer packaging material, the above-mentioned liquid food 
is filled therein, these bags are sealed, packed in a box or 
carton to present the so-called bag-in-box.or bag-in-carton and 
this is transported, since the multilayer packaging material 
used as the material for the bags (inner containers) is excellent 
in flexing endurance, no cracks are generated and thus the 
leakage of the liquid food can be prevented and also the dete- 
rioration of the quality of the liquid food due to the invasion - 
of oxygen may be prevented. 

EXAMPLE 1 

Using 3 extruders and a 3-materials 5-layers multilayer die 
head and also employing air slit, there was obtained by coextru- 
sioh a multilayer film which comprised an intermediate layer of 
12 ja in thickness and of an EVOH resin having an ethylene content 
of 31 mole %, a degree of saponification of 99.4 mole % and an MI 
1.3 g/10 min., and surface layers on its both sides, each of 
said surface layers being of a linear low-density polyethylene 
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(hereinafter referred to as LLDPE) having an MI as measured 
under conditions of 190°C and a load of 2.160 g according to 
ASTM D-1238-65T of 2.1 g/10 min. and a heat of fusion by diffe- 
rential scanning calorimeter of 19 cal/g, the respective layers 
being arranged via an adhesive resin layer composed of a modifed 
ethylene - vinyl acetate copolymer having a vinyl acetate content 
of 33% by weight, a degree of modification with maleic anhydride 
of 1.5% by weight and an MI of 1.5 g/10 min. A flexing fatigue 
test (Gelbo-Flex test) was conducted on the obtained multilayer 
film until the generation of pinholes was recognized on said 
multilayer film, and also the oxygen transmission rate was 
measured at various stages until the generation of said pinholes. 

The Gelbo-Flex test is carried out by .using a Gelbo-Flex 
tester (manufactured by Rigaku Kogyo Co. f Ltd*), making a speci- 
men of 12° x 8" into a cylindrical form of 3.5" in diameter, 
holding both ends, then, with an initial holding distance of 7" 
and a holding distance at the most folded time of 1", applying 
a twist at an angle of 440° for the first 3.5" of the stroke 
and effecting linear horizontal movement for the subsequent 2.5" 
and repeating such reciprocating motion at a rate of 40 times 
per minute under conditions of 20°C and a relative humidity of 
65%. 

The measurement of the amount of oxygen gas permeated 
was conducted using an OXY-TRAN 100 manufactured by Modern 
Control Co. at 20°C -65 % relative humidity (hereinafter referred 
to as RH) and 20 P C- 80 % RH. The sample after the 

Gelbor-Flex test at various stages was flattened to the original 
12" x 8", and measurement was made on its central part. The 
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Young's modulus was measured according to, ASTM D-8 82/67 
at 20 °C 65 % RH« The resu l ts °^ tne measurements 

are shown in Table 1. In the course of the Gelbo-Flex test until 
the generation of pinholes, there was hardly observed a change 
in the oxygen transmission rate. Further, the generation 

of pinholes was not observed even after 4,000 returns in said 
Gelbo-Flex test, and after 4,050 returns, when examined for the 
presence of pinholes, it was found that one pinhole had already 
been generated. Further, no delamination was observed between 
any adjacent layers. Separately, another LLDPE film was obtain- 
ed in the same manner and. measured for the Young's modulus at 
20°C to obtain 13 kg/mm 2 . 

• Table 1 



Number o£ times of flex- _ 1000 2500 

ing in Gelbo-Flex Test 



4000 



Oxygen 20°C 65%RH 0.7 0.7 0.7 0.7 

trasmission 

rate 20°C 80%RH 1.5 1.5 1.4 1.5 

(cc/m2 . 24hrs . atm) 

EXAMPLE 2 

Procedures similar to those in Example- 1 were conducted 
except that an EVOH resin having an ethylene content of 4 5 mole 
% and a degree of saponification of 99.2 mole % was used as an inter- 
mediate layer and the thickness of the surface layers (LLDPE) 
provided on both sides of said intermediate layer were 40 u and 
30 u respectively. 

The generation of pinholes was not observed until after 
4500 number of times of flexing in said Gelbo-Flex test, and after 
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46 00 nu^er of <*» of fl«**. it was observed that two pinholes 
had already been generated. The measured values of the =*y g en trans- 
mission rate are shown in Table2. No delation was observed between 
any adjacent layers. 



Table 2 



Number of times of flex- 
ing in Gelbo-Flex Test 


0 


1000 


2500 


4500 


Oxvgen ' ™° C 65%*H 
tr-aasmission ^ ^ 

( cc/m2 . 2 4hrs . atm) 


2.0 
3.7 


2.0 
3.6 


1.9 
3.6 


2.0 
3.7 



EXAMPLE 3 

Using a 3-materials 7-layers multilayer diehead, a multilayer 
film having a constitution of D / Ad / E / Ad / F / Ad / G. Each 
layer comprised the resin and thickness described below. 
Ad: An adhesive resin layer of 5 u in thickness and composed 
of a modified ethylene - vinyl acetate copolymer having - 
a vinyl acetate content of 35% by weight, a degree of 
modification with maleic anhydride of 1.0% by weight and . 
an MI of 1.8 g/10 min. 

D, G: An LLDPE layer of 38 p in thickness, containing 4.1 mole 

% of 4-methyl-l-pentene as a copolymer izable component, 
and having a MI of 2.3 g/10 min. and a heat of fusion by 
differential scanning calorimeter of 15 cal/g. 

E, F: An EVOH resin layer of 6 u in thickness and having an 

ethylene content of 38 mole %, a degree of saponifica- 
tion of 99.4 mole % and an MI of 1.6 g/min. 
A Gelbo-Flex test was conducted in a manner similar to 
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that in Example J.. No pinhole generation was observed even after 
5000 number of times of flexing in said Gelbo-Flex test. The measured 
values of the oxygen transmission rate at various stages until said 
5000 number of times of flexing are shown in Table 3. No delamination 
was observed between any adjacent layers. Separately, another LLDPE 
film o£ the same constitution was obtained and measured for the 
young's modulus at 20 C to obtain 7.5 kg/mm 2 . 

Table 3 

Number of times of flex- 0 1000 2500 5000 
ing in Gelbo-Flex Test 

Oxygen 20°C 65%RH 1.3 1-3 1.2 1.3 

transmission 

rate 20°C 80%RH 1.7 1.6 1.6 1.7 

(cc/m2.24hrs.atm) 

EXAMPLE 4 

Procedures similar to those in Example 3 were conducted 
except that E was a layer of 8 p in thickness and composed of 
the same EVDH resin as in Example 1 and F was a layer of 6 p in 
thickness and composed of the same EVOH resin as in Example 2. 
Even after 5000 number of times of flexing in said Gelbo-Flex. 
test, no pinhole generation was observed. The measured values of the 
oxygen transmission rate at various stages until said 5000 number of 
times of flexing are shown in Table 4, No 'ielamination was observed 
between any adjacent layers. 
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Number of times of flex- Q 1000 2S00 
ing in ' Gelbo-Flex Test 



5000 



Oxygen 20°C 65%RH 0-8 0.7 0.8 0.8 

transmission 

rate 20°C 80%RH 1.7 1.7 1.8 1.8 

( cc/m2 . 2 4 hr s . atm) 

EXAMPLE 5 

Procedures similar to those in Example 1 were conducted 
except that in Example 1 the thickness of the EVOH was changed 
to 19 ji and, as the adhesive resin, there was used a modified 
ethylene - ethyl acrylate copolymer having an ethyl .-acrylate 
content of 25% by weight, a degree of modification with maleic 
anhydride of 1.7% by weight and an MI of 1.8 g/10 min., each 
adhesive layer being 7 p in thickness. Until after 3600 number > - 
of times of flexing in said Gelbo-Flex test, no pinhole generation 
was observed. After 4000 number of times of flexing, it was found that 
3 pinholes had been generated. The oxygen transmission rate at various 
stages in said Gelbo-Flex test until 4000 number of times of flexing 
are shown in Table 5. No delamination was observed between any adjacen 
layers . 

* Table 5 

Number of times of flex- Q 2500 36 00 

ing in Gelbo-Flex Test 

Oxygen 20°C 65%RH 0.4 0.4 0.4 

transmission 

rate 20°C 80%RH 0.9 0. 8 0.9 

(cc/m2 . 24hrs . atm) 
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EXAMPLE 6 

Procedures similar to those in Example 1 were conducted 
except that as both surface layers, there was used an LLDPE 
containing 1-heptene as a cppolymerizable component and having 
said content of 2.9 inole %, a heat of fusion by differential 
scanning calorimeter of 21 cal/g and Young's modulus measured 
at 20°C of 15 kg/mm2. Even after 3500 number of times of flexing 
in said Gelbo-Flex test, no pinhole generation was observed, and 
there was hardly any change in the oxygen transmission rate, which 
was more or less 1.4 cc/m 2 ,24hrs.atm(20*C, 80 % RH) . 

EXAMPLE 7 

Procedures similar to those in Example 1 were conducted 
except that both surface layers were composed of an LLDPE 
containing butene-l-as a copolymerizable component and having 
said content of 5.1 mole %, a heat of fus ion by differential 
scanning calorimetry of 12 cal/g and Young's modulus of 8 
kg/mm 2 . Even after 4000 number of times of flexing in said Gelbo-Flex 

test, no pinhole generation was observed, and there was hardly any 
change in the oxygen transmission- rate, which was 1.5 cc/m 2 . 2 4hr s . atm 
(20*C, 80 % RH) 

EXAMPLE 8 

Procedures similar to those in Example 7 were conducted 
except that an LLDPE having a butene-1 content of 3.6 mole %, 
a heat of fusion by differential scanning calorimetry of 19 
cal/g and Young's modulus of 16 kg/mm 2 was used. Even after 
850 number of times of flexing in said Gelbo-Flex test, no pinhole 
generation was observed, but after 900 number of times of flexing 
therein, such generation was^orecognized. The oxygen transmission 
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rate was hardly, changed at various stages until the generation of 
pinholes . 

/^rwp&PftTTVE EXAMPLE 1 
Procedures similar to those in Example 1 were conducted 
except that both surface layers were constructed using conven- 
tional various low-density polyethylenes . In said Gelbo-Flex test, 
tfce nunfcer of ti.es of flexing until the generation of pinholes was 

200 at highest with any product. 

COMPARATIVE EXAMPLE 2 
Using a coextruding equipment having a 3-materials 3 layers 
m ultilayer diehead, a multilayer film having a constitution of 
F (15 p) /Ad (7 .u) /G (40 p) was obtained from the same materials 
as Example 3. 

As the result of a Gelbo-Flex test conducted according 
'to Example 1, the number of times of flexing until the generation o: 

pinholes was 250 at highest. 

EXAMPLE 9 

Multilayer packaging materials obtained in Examples 1 - 
8 and Comparative Examples 1 and 2 respectively were heat-sealed " 
and fitted with mouthpieces to obtain packaging bags. One kg 
of liquid, food was filled into each bag and the mouthpiece- was 
sealed. Twenty of such sealed bags were packed 
in each corrugated box to prepare a bag-in-box. The bag-in-box 
was conditioned at 20 -C and 65% RH for 2 days, and subjected to 
a vibration test by a rotary type vibration tester (vibrating. 
• conditions 267 rpm) . The results are shown below. 
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Table 6 



Multilayer 

Packaging 

Material 



Examples 1-8 
Comparative Example 1 
Comparative Example 2 



Breakage percentage 



Vibration 
15 min. 



0 
20 
IS 



Vibration 
30 min. 



5-10 
80 
65 



Note) The vibration time of 10 min. is equivalent to 1000 
by truck transport. 
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Claim Si. 

1 A gas barrier multilayer packaging material having 
llent' flexing endurance which comprises a thin layer of a saponified 
product of an ethylene-vinyl acetate copolymer as an intermediate layer 
and surface layers on both sides of said intermediate layer, said , 
respective layers being arranged via an adhesive resin layer, which 
is characterized in that both of said surface layers are composed of 
linear low-density polyethylene layers. 

' 2. The multilayer packaging material according to Claim 
1 wherein the linear low-density polyethylene is that using an 
rf-ole'fin of 4 pr more carbon atoms as a copolymerizable component. 

• 3. The multilayer packaging material according to Claim 
1 wherein the heat of fusion of the linear low-density poly- 
ethylene as measured by thermal analysis by a differential 
scanning calorimeter is 25 cal/g or less. 

4. The multilayer packaging material according to Claim 
1 wherein the linear low-density polyethylene uses butene-1 as 

a copolymerizable component and has a heat of fusion by thermal 
analysis by a differential scanning calorimeter of 15 cal/g or 

less. 

5. The multilayer packaging material according to Claim 
1 wherein the Young's modulus at 20»C of the linear low-density 
polyethylene is 22 kg/mm2 or less. 

6. The multilayer packaging material according to Claim 
1 wherein the linear low-density polyethylene uses butene-1 as 

• a copolymerizable component and has Young's modulus at 20-C of 
12 kg/mra2 or less. 
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7 The multilayer packaging material according to Claim 
1 wherein the linear low-density polyethylene is that using an 
oc-olefin of S or more carbon atoms as a copolymer izable component. 

8. The multilayer packaging material according to Claim 
1 wherein the linear low-density polyethylene is that using 

4 -methyl- 1-pentene as a copolymer izable component. 

9. The multilayer packaging material according to Claim 
1 where'in the adhesive resin is a modified olefinic polymer 
containing carboxyl groups obtained by chemically 'combining an 
ethylenically unsaturated carboxylic acid or its anhydride with • 

the olefinic polymer. 

' 10. The multilayer packaging material according to Claim 
• 9 wherein the modified olefinic polymer containing carboxyl 
grpUDS is that obtained by chemically combining 0.01 - 15% by 
weight of an ethylenically unsaturated carboxylic acid or its 
anhydride with the olefinic polymer. 

11. The multilayer packaging material according to Claim 
9 wherein the olefinic polymer is an ethylene - vinyl acetate 
copolymer . 

12. The multilayer packaging material according to Claim 
9 wherein the olefinic polymer is an ethylene - vinyl acetate 
copolymer containing 5 - 55% by weight of the vinyl acetate. 

13. The multilayer packaging material according to Claim 
9 wherein the olefinic polymer is an ethylene - ethyl acrylate 
compolymer . 

14. The multilayer packaging material according to Claim 
13 wherein the olefinic polymer is an ethylene - ethyl acrylate 
copolymer containing 8 - 35% by weight of the ethyl acrylate. 
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xs «. »Xtila y « packing material, according to Claim 
X wherein * .saponified P-duct of - 

^ h as an Xylene content of 2. - «• — * - ' . 
saponification of 95 mole % or more. 

X, The multilayer F-«W M " tial aCC ° rdin9 " 
X herein the thickness of the intermediate layer composed of 

1 wherein .^lene-vinyl acetate copolymer is 
the saponified product of an ethylene vmy 

2 . 2 „" „, the thinness of each of the surface layers on hoth 
si des is 10 - SO u and the thiOness of each of the adhesive 

X w „ich is a constitute material for inner containers for a 
bag-in-bq* or bag-in-carton. 
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